Imidazoles have always been a hot topic for research in organic and pharmaceutical chemistry because of their broad-spectrum bioactivities and synthetic applications. 1 Among the drugs containing an imidazole ring, antifungal drugs such as miconazole and ketoconazole, which block the biosynthetic pathway of ergosterol by the selective inhibition of fungal cytochrome P450, are well known. 2 Some alkaloids also contain an imidazole ring and exhibit many prominent bioactivities such as antimicrobial activity and cytotoxicity. 1, 3 Recently, other diverse, interesting bioactivities of imidazoles, such as antikinase IspE activity, 4 tubulin depolymerization inhibition 5 and anti-cyclooxygenase activity, 6 have been demonstrated. Moreover, imidazoles are important precursors of ligands and polymers. Imidazoles can coordinate to various metal ions, forming various metal-organic polymers with complex structures and different functions. 7 Because of the significant bioactivities and synthetic applications of imidazoles, methods for their synthesis have been extensively studied, including the classical Debus-Radziszewski imidazole synthesis from a diketone, an aldehyde and ammonia. 8 Several new methods for the synthesis of novel multisubstituted imidazoles have been reported recently. 2-Substituted 4-formylimidazoles, important intermediates in organic and inorganic chemistry, have been used in the synthesis of bioactive compounds, 7d,10 metal-organic frameworks 7a and some important ligands. 11 Because of the basicity of imidazoles, Lewis acid catalyzed Friedel-Crafts reactions are not possible. Therefore, to synthesize functionalized imidazoles, substituents should be introduced prior to the imidazole ring formation. 12 To the best of our knowledge, mainly two synthetic methods have been reported for the synthesis of 2-substituted 4-formylimidazoles (Scheme 1): a) (Hydroxymethyl)imidazoles have been synthesized by the cyclization of imino ethers with dihydroxyacetone, and subsequent oxidation afforded the corresponding aldehydes; 10b b) 2-Aminoimidazoles have been synthesized by the cyclization reaction of 3-bromo-1,1-dimethoxypropan-2-one with guanidine, and subsequent multistep syntheses afforded 2-substituted 4-formylimidazoles. 13 However, the methods suffer from disadvantages such as heavy metal oxidation and multistep procedures. In 1987, Reiter reported the synthesis of 1-substituted 4(5)-acylimidazoles from 4-aminoisoxazoles by palladium on carbon catalyzed hydrogenation, followed by base-promoted cyclization; however, only one example of a formylimidazole in a low yield was reported.
14 Furthermore, in Reiter's protocol, haloaryl-substituted imidazole-4-carbaldehydes could not be obtained and the reactions occurred under high pressure. Several examples of different substituted acylimidazoles have also been synthesized following Reiter's method. 15 In our ongoing study of paclitaxel mimics as anticancer drugs, 16 various 2-substituted 4-formylimidazoles were needed as synthetic intermediates. Based on Reiter's result, we have developed a highly efficient, 'onepot' method for the synthesis of 2-substituted 4-formylimidazoles, in which 4-acylaminoisoxazoles, as the starting materials, are subjected to Raney nickel catalyzed hydrogenation, followed by sodium hydroxide promoted recyclization (Scheme 1). 
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4-Chloro-N-(isoxazol-4-yl)benzamide (1) was used as the starting material to optimize the reaction conditions for the synthesis of 2-(4-chlorophenyl)-4-formyl-1H-imidazole (1a) ( Table 1) . First, ethanol was used as the solvent for the palladium on carbon catalyzed hydrogenation of 1; LC-MS analysis showed a low yield of intermediate N- (1- (2) . Further, the yield of 2 decreased with increasing hydrogenation time from 6 to 10 hours (Table 1 , entries 1-3). When ethanol was replaced with water, a slight increase in the yield of intermediate 2 was observed (Table 1, entry 4). A careful analysis of the LC-MS results of the hydrogenation indicated that the ring-opening reaction of isoxazole 1 was accompanied by the hydrodechlorination of the aryl substituent, thus affording a byproduct, N-(1-amino-3-oxoprop-1-en-2-yl)benzamide. Therefore, the catalyst for the hydrogenation reaction was changed from palladium on carbon to Raney nickel, which successfully avoided the dehalogenation reaction, thus affording the key intermediate 2 in 92% yield. Under the alkaline conditions (NaOH, EtOH), the primary amino group of compound 2 attacks the carbonyl of the amide group to afford the corresponding Schiff base, thus giving the imidazole ring after dehydration. Next, sodium hydroxide (2 equiv) was added directly into the reaction mixture after removal of the hydrogenation catalyst by filtration. LC-MS analysis showed a complete conversion of intermediate 2 after 4 hours at 45 °C to afford 2-(4-chlorophenyl)-4-formyl-1H-imidazole (1a) in 88% isolated yield (Table 1 , entry 5). After the successful synthesis of the desired compound in a high yield, the reaction conditions were further optimized; however, the yield significantly decreased when the temperature of the recyclization step was decreased from 45 °C to 25 °C, when water was used as the solvent, and when a weaker base (Na 2 CO 3 ) was used in ethanol (Table 1 , entries 6-8).
Table 1 Optimization of the Reaction Conditions
Next, we investigated the substrate scope of different Nsubstituted 4-acylaminoisoxazoles under the optimized reaction conditions [H 2 , 5% Raney Ni, NaOH (2 equiv), EtOH] ( Table 2 ). The desired product could be obtained in high yield when the substituent was an aromatic group (Table 2 , entries 1-11), while the yield significantly decreased when the substituent was an alkyl group (Table 2, entry 12). These results can be attributed to the fact that an aromatic group extends the π-conjugation of the system, thus stabilizing the corresponding intermediate and product. Moreover, the electronic nature of the substituents on the benzene ring also slightly affected the yield: the yields were slightly decreased with electron-withdrawing substituents ( Table 2 , entries 8-10) compared to electron-donating substituents (Table 2, 
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revealed no significant difference occurring during the hydrogenation reaction, while the yields of the reactions of the substrates with electron-withdrawing substituents at the para position of the aromatic ring decreased after the second step, recyclization, under alkaline conditions. The electron-withdrawing effect may increase the electropositivity of the carbonyl carbon on the amide group, thus facilitating the formation of a Schiff base. This indicates that the rate-limiting step of the recyclization reaction is the dehydration of the 2,3-dihydroimidazole. The electron-donating substituents may facilitate the dehydration reaction, thus affording the final products in high yields. Finally, we scaled up the reaction with N-(isoxazol-4-yl)-4-methoxybenzamide (4) to a 100-mmol scale. The desired product, 4-formyl-2-(4-methoxyphenyl)-1H-imidazole (4a), was obtained in 85% yield (Scheme 2).
In summary, we have developed a novel, one-pot method for the synthesis of 2-substituted 4-formylimidazoles. In this method, 4-acylaminoisoxazoles are used as the starting materials. Raney nickel catalyzed hydrogenation of the 4-acylaminoisoxazoles in ethanol affords the ring-opened intermediates. Sodium hydroxide promoted, Schiff base cyclization of the intermediate in the same pot results in an imidazole ring after dehydration, thus finally affording the 
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2-substituted 4-formylimidazole in high yield. Because this method is highly efficient and eco-friendly, it can be used for the rapid synthesis of 4-formylimidazole derivatives with different aromatic substituents at the C-2 position of the imidazole ring. Further studies in this direction are underway in our laboratory. 1 H and 13 C NMR spectra were obtained in CDCl 3 , CD 3 OD or DMSO-d 6 with TMS as the internal standard on a Varian Unity Inova 400/54 spectrometer. Mass spectra were obtained on a VG Auto Spec 3000 or a Finnigan MAT 90 instrument. IR spectra were obtained with KBr plates using a Perkin-Elmer Spectrum 1600 Series spectrometer. Melting points were determined on a Thomas Hoover Unimelt melting point apparatus and are uncorrected. Silica gel H (Qingdao Sea Chemical Factory, Qingdao, China) was used for column chromatography. Spots on TLC (silica gel G) were detected by UV light. Commercially available reagents and solvents were directly used without further purification.
2-Substituted 4-Formylimidazoles; General Procedure
A 4-(acylamino)isoxazole (0.1 mmol) was hydrogenated under hydrogen (balloon) over Raney Ni (5% by weight) in EtOH (ca. 10 mL per mmol of isoxazole). The reaction was usually finished after 1 h, as determined by TLC (hexane-EtOAc, 2:1); then, the catalyst was removed by filtration and washed with EtOH. The combined EtOH layer containing the intermediate N-(1-amino-3-oxoprop-1-en-2-yl) amide was treated with NaOH (2 equiv) at 45 °C for 4 h. Then, the solvent was removed under reduced pressure and the residue was purified by chromatography on silica gel (hexane-EtOAc, ca. 4:1, v/v) to give the desired product.
2-(4-Chlorophenyl)-4-formyl-1H-imidazole (1a)
10a White amorphous powder; yield: 18.1 mg (88%); mp 142-143 °C. 58 (s, 1 H), 9.78 (s, 1 H), 8.15 (s,  1 H), 8.12 (s, 1 H) 
4-Formyl-2-isobutyl-1H-imidazole (12a)
